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Material & Methods
Protein Expression and Purification
All sensor constructs and caspase-3 and -9(delta CARD) are encoded in a pET28a vector, while caspase-8 was incorporated in a pET15b vector (pET15b-Casp-8 delta DED was a gift from Guy Salvesen (Addgene plasmid #11827).
1 Sensors and proteins were expressed in Escherichia coli BL21(DE3) cells (Novagen) in 2 litres of LB medium. Expression was induced at an optical density (OD600) of ~0.6 by the addition of 0.5 mM isopropyl-β-D-thiogalactopyranoside (IPTG, AppliChem GmbH), followed by incubation overnight at 18 °C. Cells were harvested by centrifugation (10.000 g, 10 min, 4 °C). Cells were resuspended in lysis buffer (10 mL per gram cell pellet, 10 mM phosphate buffer, 2.7 mM KCl, 507 mM NaCl, 10% glycerol, 20 mM imidazole, 0.1 mM TCEP, Benzonase® Nuclease (25 U per 10 mL buffer, Novagen), pH 7.4) and cells were lysed using a EmulsiFlexC3 High Pressure homogenizer (Avestin) at 15,000 psi for two rounds. Cell debris was removed by centrifugation (40,000 g, 45 min, 4 °C) Proteins were purified by Ni-NTA affinity chromatography (His-Bind® Resin, Novagen), the column was washed with wash buffer (10 mM phosphate buffer, 2.7 mM KCl, 507 mM NaCl, 10% glycerol, 20 mM Imidazole, 0.1 mM TCEP) in presence and subsequently absence of 0.1% Triton-X-100. Protein was eluted from the column with elution buffer (10 mM phosphate buffer, 2.7 mM KCl, 507 mM NaCl, 10% glycerol, 250 mM Imidazole, 0.1 mM TCEP, pH 7.4). Protein was buffer exchanged into assay buffer (20 mM Na 2 HPO 4 , 150 mM NaCl, 1 mM EDTA, 2 mM TCEP, pH 7.0) using Amicon Ultra-15 Centrifugal Filter Units (Merck Millipore MWCO 10 kDa). The concentration of caspases and caspases sensors was determined using a Thermo Scientific ND-1000 spectrophotometer at 280 nm (For all three sensors ε = 76,780
, caspase-8 ε = 23,380 M -1 cm -1 and for caspase-9 ε = 29,450 M -1 cm -1 , determined by ProtParam (http://web.expasy.org/protparam/) all in water and assuming all cysteines are reduced).
Bioluminescence spectra
Bioluminescence emission spectra were measured on a Varian Eclipse spectrophotometer. The sensor (10 nM) was incubated with the corresponding caspase (10 µM) in buffer (20 mM Na 2 HPO 4 , 150 mM NaCl, 1 mM EDTA, 2 mM TCEP, 1 mg/mL BSA, pH 7.0) in a total volume of 200 µL. Subsequently, 0.5 µL NanoGlo assay substrate (Promega) was added before transferring it to black cuvettes with 10 mm path length. Spectra were measured between 400 and 600 nm with a gate time of 5 ms, an emission slit of 20 nm and data interval of 1 nm.
In vitro cleavage assay SDS-PAGE
The sensor (4 μM) was incubated overnight at 37°C with the corresponding caspase (1 μM) in buffer (20 mM Na 2 HPO 4 , 150 mM NaCl, 1 mM EDTA, 2 mM TCEP, 1 mg/mL BSA, pH 7.0) in a total volume of 50 μL. The reaction was stopped by the addition of 2x SDS-loading buffer (125 mM Tris-HCL, 5% SDS, 20 % glycerol, 0.02% bromophenol blue at pH 6.8). Results were analysed on precast SDS-PAGE gels (4-20% Mini-PROTEAN® TGX TM Precast Protein Gel -Bio-Rad) and protein was stained using Coomassie Brilliant Blue (R-250 Bio-Rad). Gel pictures were taken using the ImageQuant350 with an integration time of 8 ms (GE Healthcare).
Cross reactivity assay
Caspase protein (1 µM) was incubated for 0.5 hour in buffer (20 mM Na 2 HPO 4 , 150 mM NaCl, 1 mM EDTA, 2 mM TCEP, 1 mg/mL BSA, pH 7.0) containing 1 M sodium citrate to dimerize and activate the caspases. Subsequently, caspase sensor (1 µM) and NanoGlo assay substrate (Promega, final dilution 5000x) were added. Measurements were performed in 50 µL volume in 384-well plates (Perkin Elmer OptiPlate-384, white) on a Tecan Spark 10M plate reader, recording luminescent blue emission (445-470 nm) and green (505-530 nm) using an integration time of 100 ms.
Bioluminescent plate reader assay
HeLa cells were grown in Dulbecco's modified Eagle's Medium (DMEM, Invitrogen), supplemented with 10% Fetal Bovine Serum (Gibco®), 1% L-glutamine (Gibco®), and 1% penicillin/streptomycin (Gibco®), and maintained at 37 °C in a humidified atmosphere containing 5% CO 2 . Cells were seeded in alternating wells on a 96-wells plates (DB Falcon, transparent) and transiently transfected with Lipofectamine2000 (Invitrogen) in S-3
Opti-MEM Reduced Serum Media (Life Technologies) the next day. After 4 h, the media were changed to DMEM. Apoptosis was induced by addition of staurosporine (5 µM, Enzo LifeSciences), 48 hours after transfection. Before measurements, cells were washed once with PBS and replaced by medium. All measurements were done at 37°C in Dulbecco's modified Eagle's Medium phenol red free medium, supplemented with 10% fetal bovine serum, 1% L-glutamine and 1% penicillin/streptomycin with or without staurosporine. NanoGlo assay substrate (Promega, final dilution 1000x) was added and bioluminescence emission of the immobilized cells was recorded on a Tecan Spark 10M. Blue emission (445-470 nm) and green (505-530 nm) luminescent emission was measured using an integration time of 100 ms.
FRET-based caspase sensor SCAT3
HeLa cells were grown in Dulbecco's modified Eagle's Medium (DMEM, Invitrogen), supplemented with 10% Fetal Bovine Serum (Gibco®), 1% L-glutamine (Gibco®), and 1% penicillin/streptomycin (Gibco®), and maintained at 37 °C in a humidified atmosphere containing 5% CO 2 . Cells were seeded in alternating wells on a 96-wells plates (DB Falcon, transparent) and transiently transfected with Lipofectamine2000 (Invitrogen) the next day. Apoptosis was induced by addition of staurosporine (5 μM, Enzo LifeSciences), 48 hours after transfection. Before measurements cells were washed once with PBS and replaced by phenol red free DMEM (Invitrogen) supplemented with 10% fetal bovine serum, 1% L-glutamine and 1% penicillin/streptomycin or live cell imaging solution (20 mM Hepes, 140 mM NaCl, 2.5 mM KCl, 1.8 mM CaCl 2 , 1.0 mM MgCl 2 , pH = 7.4, ThermoFisher) with or without staurosporine. Fluorescent emission spectra of the immobilized cells were recorded using a Tecan Spark 10M with an excitation wavelength of 410 nm and emission ranging from 455-600 nm, step size of 2nm, bandwidth of 20 nm, integration time of 40 μs and gain of 100. Fluorescent microscopy images were taken 48 hours after transfection using a Zeiss Axio Observer D.1 microscope with 20x magnification and filters CFP(480/40nm) and YFP (535/30nm).
Single cell imaging
HeLa cells were grown in Dulbecco's modified Eagle's Medium (DMEM, Invitrogen), supplemented with 10% Fetal Bovine Serum (Sigma®), 1% L-glutamine (Gibco®), and 1% penicillin/streptomycin (Gibco®), and maintained at 37 °C in a humidified atmosphere containing 5% CO 2 . Cells were seeded in glass bottom dishes (Greiner Bio-One) and transiently transfected as described above. Before measurements, cells were washed once with PBS and replaced by phenol red free DMEM (Invitrogen) with staurosporine (5 µM, Enzo LifeSciences), 48 hours after transfection. Microscopy images were obtained using a bioluminescence inverted microscope (LV200, Olympus) with a 40× oil immersion objective and a BFP filter (420−460 nm) that could detect NanoLuc and GFP filter (510−550 nm) for emission of mNeonGreen. Cells were maintained at 37°C and 5% CO 2 under humidifying conditions during the experiments. NanoGlo assay substrate (Promega, 2 µL) was added directly before each measurement and bioluminescence was recorded every minute for the duration of 10 minutes with an integration time of 5 seconds per channel. Image analysis was performed using ImageJ software. 
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